Multiple neurofibromas, schwannomas, and hyperplastic enteric plexuses were observed in the distal jejunum and ileum of a 6-year-old pinto gelding. The animal was presented because of an acute episode of colic. Three meters of distal small intestine, partially incarcerated in the epiploic foramen, were surgically removed. Numerous tumor nodules up to 10 mm in diameter were found adjacent to a Meckel's diverticulum, predominantly located in the subserosa of a hypertrophic segment. Histologically, tumors were well demarcated and composed of interlacing fascicles formed by spindloid cells. Adjacent enteric plexuses were hyperplastic. Immunohistochemically, all tumors were positive for vimentin and S-100. Desmin immunoreactivity was only observed in larger tumors (> 500 pm). Glial fibrillary acid protein was demonstrated nearly exclusively in smaller ones. Immunostaining for neurofilament was restricted to entrapped ganglion cells. Based on conventional light microscopic examination and immunohistochemical evaluation, the lesion was diagnosed as multiple benign peripheral nerve sheath tumors in the small intestine.
Human tumors of the peripheral nerve sheath are divided into schwannomas, neurofibromas, and malignant peripheral nerve sheath tumors.(* In domestic animals, the preferred term for peripheral nerve sheath tumors is benign or malignant ~chwannoma.~.Il These rare neoplasms are most commonly encountered in cattle and dogs, where they develop predominantly in association with cranial or spinal nerve roots or in the subcutis." Bovine schwannomatosis (= neurofibromatosis) is characterized by multiple tumors, which may involve the v i~c e r a .~. l~
In horses, two cases of intestinal neurofibromas have been r e p~r t e d .~.~~ Both were solitary tumors arising in the colon. A small intestinal ganglioneuroma with proliferating nerve cells has also been described. I Here, the unusual finding of the simultaneous occurrence of multiple neurofibromas, a few schwannomas, and hyperplastic enteric plexuses in the distal small intestine of a horse is described.
A 6-year-old pinto gelding was referred to the Clinic of Veterinary Medicine in Gescher-Hochmoor (FRG) for assessment of an acute episode of severe abdominal pain. First clinical signs of colic with pawing and looking at his flanks had been noticed 6 hours earlier. Physical examination revealed pulse rate of 100 beatdminute, respiratory rate of 32 breathdminute, and rectal temperature of 37.5 C. The packed cell volume was 30%, and total protein concentration was 6.8 g/dl. A nasogastric tube was passed, and 1 liter of fluid refluxed. No feces were found in the rectum. Rectal palpation revealed distended loops of small intestine in the caudal portion of the abdomen. Physical findings and diagnostic tests supported a clinical diagnosis of small intestinal strangulation. A ventral midline celiotomy was performed, and a mediolateral herniation of 1 m terminal jejunum through the epiploic foramen was revealed. A total of 3 m of distal jejunum and ileum was resected and a jejunocecostomy with a side-to-side anastomosis was performed. A nonincarcerated segment located 50 cm proximal to the ileocecal junction was fixed in 10% formalin and submitted for histopathologic examination. Following an uneventful recovery, the gelding was still alive 12 months after surgery.
For histologic examination, samples were processed routinely and stained with hematoxylin and eosin (HE). For immunohistochemical evaluation, sections were deparaffinized in xylene, rehydrated through graded alcohols, and treated with 0.5% hydrogen peroxide-methanol for 30 minutes to quench endogenous peroxidase activity. To block nonspecific binding sites, tissue sections were incubated with undiluted normal swine or horse serum for 10 minutes. Primary antibodies against vimentin, S-100 protein, desmin, glial fibrillary acid protein (GFAP) and neurofilament protein (NIT) (all from Dako-Diagnostika, Hamburg, Germany) were diluted in Tris-buffered saline ( Table 1) . Tissue sections were incubated with the primary antibodies overnight at 4 C, followed by biotinylated goat anti-rabbit serum or horse antimouse serum (Vector Laboratories, Burlingame, CA) as link antibodies and the avidin-biotin-peroxidase complex (ABC, Vector Laboratories) for 30 minutes at room temperature. To visualize the immunoreaction, sections were incubated with 0.2% 3,3'-diaminobenzidine tetrahydrochloride in 0.0 1 Yo hydrogen peroxide for 10 minutes. Sections were slightly counterstained with Mayer's hematoxylin. For negative controls, the primary antibodies were replaced with appropriate normal serum. Tissue sections known to express the relevant antigens served as positive controls.
On gross examination, the submitted segment ( Fig. 1 ) was 30 cm in length and displayed a persistent Meckel's diverticulum. Caudal to the diverticulum, the segment showed marked muscular hypertrophy. The cranial part was hypertrophic and dilated. Subserosally, over a length of 20 cm, multiple firm, grayish-white, slightly protruding, well-circumscribed nodules, up to 10 mm in diameter, were visible. Numerous nodules were found in proximity to the diverticulum. On cross section (Fig. 2) , nodules were also observed in the tunica muscularis and rarely in the submucosa. The cut surface ofthe nodules was whitish and firm. The overlying mucosa was thickened and folded into rugae.
Histologically, the nodules were well demarcated and only partly encapsulated by a thin layer of avascular stroma. They consisted of moderately to closely packed tumor cells, ar- ranged in interlacing fascicles sometimes merging into whorled structures. The fascicles were partly separated by a moderate amount of intervening connective tissue. Tumor cells were spindloid ( Fig. 3) with indistinct cell borders and displayed a moderate, slightly eosinophilic homogeneous cytoplasma. Nuclei were elongated and sometimes twisted, with blunt ends and with fine granular chromatin and infrequent single small nucleoli. Vague nuclear palisading was observed occasionally. Cross-sectioned cells showed round to triangular centrally located nuclei. Mitotic figures, atypic cells, or foci of necrosis were not observed. In the periphery of the larger nodules, cells with a neuronal appearance were occasionally found. In areas between tumors, enteric plexuses were enlarged because of moderate proliferation of spindloid cells (Fig. 4) . The covering tunica mucosa was focally ulcerated. In the submucosa, diffuse edema and lymphangiectasies were found. Based on immunohistochemical evaluation, two different tumor types were recognized. The vast majority of tumors stained patchy and intensively for vimentin, S-100, and desmin. In contrast, tumors <500 pm in diameter displayed a uniform virnentin and S-100 immunopositivity but were desmin negative (Fig. 5) . In larger tumors, S-100 and vimentin positivity was roughly congruent to desmin negativity (Fig.  5 , arrows) . Small tumors stained diffusely and weakly for GFAP and with a dotlike appearance for NFP. GFAP and NFP immunostaining in larger tumors was found only in very few cells.
In normal and hyperplastic enteric plexuses, ganglion cells and their processes stained positive for NFP, whereas supporting cells were positive for GFAP, s-100, and vimentin but negative for desmin.
Multiple simultaneously occurring neurofibromas, schwannomas, and hyperplastic enteric plexuses were identified in a segment of small intestine of this horse. Herniation through the epiploic foramen was presumably elicited by disordered gut motility as a result of the hyperplastic enteric plexuses and the multiple tumors.
Based on conventional light microscopic examination, the diagnosis of the lesion was limited to multiple intestinal stro-ma1 tumors. This term is used for nonepithelial gastrointestinal neoplasms of neural, smooth muscle, myofibroblast, and undifferentiated rnesenchymal origin.* Further classification as peripheral nerve sheath tumors was possible with the application of immunohistochemical techniques and the finding of S-100 immunoreactivity in the lesion.' However, the S-100 staining pattern varied, depending on the tumor size. The vast majority of tumors were diagnosed as neurofibromas, which are defined as being composed of Schwann cells, fibroblasts, and perineural cells. l Z In this horse, these tumors were >500 pm in diameter and displayed a patchy irnmunopositivity for S-100, vimentin, and desmin. Because S-100 staining for Schwann cells in the tumors was only partial, a concomitant proliferation of perineural cells or fibroblasts was assumed. A similar irnmunoprofile for S-100 has been described for human and bovine neurofibrornas.8J3 The unusual occurrence of desmin has also been demonstrated in human neurofibromas. lo In addition, few dense arrays of S-100-positive cells fit into the description of "schwannoma in neurofibroma."lz However, the term "neurofibroma" has been largely abandoned in veterinary medicine because it leads to a confusing association with the human entity of von Recklinghausen's neurofibromatosis.3~~6 Moreover, morphologic transitions in neurofibromas to schwannomatous tissue hindered accurate histologic classification.6J6 However, the proliferation of different perineural cell types, as demonstrated by immunohistochemistry, led to the diagnosis of neurofibroma.
The small tumors in this horse were classified as schwannomas. The uniform and intense S-100 positivity indicated that these tumors were composed entirely of Schwann cells. In addition, positive immunostaining for GFAP, as observed for these small tumors, seems to be a feature of well-differentiated human schwannomas.8 GFAP was also demonstrated in a cutaneous plexiform schwannoma of a pig!' but was absent in a bovine counterpart.I3 NFP reactivity in this horse t Fig. 1.   Fig. 2.   Fig. 3.  Fig. 4 . Fig. 5a .
Strong irnmunostaining for vimentin in schwannoma and patchy immunoreactivity in neurofibroma. Fig. 5b . Strong immunostaining for S-100 in schwannoma and patchy immunoreactivity in neurofibroma. Fig. 5c . Intense immunostaining for desmin in neurofibroma and absent reactivity in schwannoma. dilation (*). Note numerous subserosal tumors. Bar = 0.5 crn.
Vet Pathol 33: 6, 1996 was attributed to preexisting entrapped nonneoplastic neuronal elements.
The third significant pathologic change was the multiple hyperplastic autonomic plexuses, thus linking the lesion to the autonomic nervous system. These plexuses were characterized by NFP-positive ganglion cells and an increased number of GFAP-, S-100-, and vimentin-positive interstitial cells. Similar immunohistochemical findings were observed in normal plexuses. GFAP expression is practically absent in human enteric plexuses but has been described in rats.* In general, the lesion was similar to multiple visceral neurofibromas in the small intestine in human^.^ But unlike human neurofibromas, the tumors in this horse were found in different developmental stages, ranging from hyperplastic enteric plexuses to schwannomas and neurofibromas. Correspondingly, chemically induced schwannomas in rodents originate from foci of hypercellularity within a nerve.I5 However, there is no objective means to exclude a peripheral nerve hamartoma, as has been discussed for plexiform neurofibromas in human^.^
